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AN EXPERIMENT TO INbK3TIGATE ~ + ~ OSCILLATICLS
u e

AT LOS AIAMOS MESON PHYSICS FACILITY*

by

H.W. Kruse and J. W. Toevs~#
Los A2amos Rational Laboratory

ABSTRACT

An experiment, beinflpjanned at LAMPF, aims t-o

investigate:a possible neutri,looscillation channel,

+V.i- If;r
P e -~

produced in the LAMPF beam stop,

oscillate to V then interactions ~
+

e+p+e + n,
e*

may be detected.

A large volune liquid scintillator (4470 liter)

emplaced at 33 m from the beam stop, detects e
+

?nd

n, after moderation in the hydragenous liquid and

capture in U, loaded into the scintillator.

Our anticipated si~nal rate is currently
.

estimated at 1.67 (6m2)d/day ossumin~ full amplitude

oscillatiorl. ‘he corresponding countin~ rate,

assming all ;~ have oscillated to ;e at the detector

is 1.5/day. CosEic rates are t?.~imatednt 0.033/tliIy.

Correlated backgrounds from the be.m stop are

calculated to be small in comparis~,lto cosmic

events, except for reactions of v ~ in }’b. These

reactions may be rcauced with an Fc shield within the

detector. .
With the above ratu, n limit on the sensitivity

of our experiment for the value of h: is estimated

at U.12 CV2 with 70 days itfcounting.

Detector features, estimated back~round rates,

end sensitivity valuea are cliscusued.
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1. INTRODUCTION

The high, current interest in neutrino oscillation experiments is derived

frcnnthe intense desire to demonstrate a nonzero neutrino mess. Experimental

determination 01”upper limits on the oscillation coefficients provides important

tests of unified thecries.
1

We are currently fielding an experiment ta

investigate one possible oscillation made, ; + ; with improved sensitivity
- u e

over previous results.c In the two-state oscillation problem, the probability.

of a G=, given a ~P by a weak decay, at a distance X, is

P(VW + ;C) , [a]2 sin2(l.27 ~r>)
v

(1)

where the neuLrino energy, Ev, is in l“:eV,X is in meters, and Amp is in CV2. ThcI

22
quantity 6m2 z - ,=m m , where m1

and m2 are the masses or neutrino mass

eigenstates la oscillation.

At Ias Alamos Meson Physics Facility (LAMPF) ~ are generated from thr

decay of P* in the beam stop. If these ~p Oscilliltg to ~c, they may b~ detrctcd

in our detecto: by the inverse P decay reaction,

(2)

For small values of the fur,ctionargument in Eq. (l), the sensitivity is

nearly lndependeritof dc!trctordistance: the signal varies inversely with X2 tut

the probability in Eq. (1) incrcnses directly as X2. For c,uranticipated

ncutrino energy ranRc of 20 to 53 MV9 ttle argunlmt is sufficiently snail for

values of X up to - ‘/0m, provided a null result is obtained with a

corrcaponding uppe: b~und of - 0.1 eV2 for 6m2. Consequerltly,we have chosen u

value for

logistics

signal is

eV2, then

of j.1) [It

our detector distance of 32 m, primarily influenc!cdby convenience of

and mlequacy of shicldinu from the beam stop. If. however, a positive
2

observccltitthe valIN of the limi~ /orm6m nrcvious]y dctcrmincd,2 0.9

our signol will be r-rduccdby o factor of 1.2 ut 53 tloVor]dtIfactor

the threshold of 20 HcV.

In ordut-to compare various proposed experiments, it is usrful to compute o

acIlsitiviLyto &n2 h:l:wdon a presumed null rc!iult,a: will bo de:lcrihcd, If R

positive rofiultshould bc c!lwrvwl, then o lIuguincvnt.ivrwill have been—.—.-.

Hcnerut,cdfor rulocutfng the detwtor at other Ixl$itions,thurcby swkin~

confirmation of thu osulll~ltiotlphl-nomononc

i?
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II. DETECTION EFFICIENCY

The detector features and characteristics have been described in detail

elsewhere.3 A central volume (4470 liter) of xylene-based liquid sclntillat.or
29

contains 2.2x1O free pr~to~ targets. A bank of 20 cm-dia photomultipliers

(E311D340 B) viebs the scintlllator and converts the positron energy de}~sition

into an electrical signal. 7%c neutron generated irlreaction (2) moderates in

the scintillator until captured in Cd, which is dissolved in the scintillat.or.

Upon capture, ga:.iiarays are produced with 8 HeV total energy. I%ese tWo

everlts,occurring within ‘he moderation time of - 30 us, constitute a sifinature

for reaction (2).

Calculated detectirn efficiencies for various factors have been descrihed3

for the configuration illustrfitcdin Fig. 1. Currently, these values are

estimated as foliows: dead time factor, 0.98, assuming 25 ps gate time on the

anticoincidence events; positron detection efficiency, 0.77, assuminr 20 NcV

threshold; neutron capture probithility,0.8, assuming 0.57 Gd loading, and

capture within a gate time of 27 ps; neutron capture flamr,?detection efficiency,

0.77, assuming 4 tleVthreshold. A total detection efficiency of 0.1’6is thus

anticipated althouuh actual operating conditions and mcasur~d values for

efficiencies may alter this value.

1----”-.-”4
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111. SIGNAL SATES
-1 -2

We expect 3X107 ; s cm at 8 m from uhe beam dump with 750 pa prim?ry
u -1 -2

proton beam current. At 33 m, we then anticipate 1.8x106 s cm or 1.5x1011

cm‘2 LA day‘1 (the LA day is 1/16 of normal daY due to LANPF duty factor).

Our anticipated counting rate, R, iS given by

I
52.6

R =N
o

N(E) G(E)Np V P(E) FdE

o

‘o
= 1.5x1011 cm-2 d~y-l

N(E) = 2 E2(3-2 c)/52.8: t = E/52.8

(3*1.55X10-3E2 + 0.1755 E
-41

cr(E)= - 1.870) X 10 cm2

(3)

Np IS

v is

P is

F is

E iS

the number of protons/cm3,
22 -3

4.9xlO cm

the detector volume. 4.47x106 cm3

from Eq. (1)

the detection efficiency, 0.46

the neutrino ener8y in MeV

The resulting vull.efor R is 1.4”/[a]2day-1for P(E) ❑ [a]2. Ret~irin~ the

dependence on ener~y in P(E), in the inkeg!”al,the value for R is
-1l,6i’x(6m2)2[a]2LA day .

IV. BACKGROUND ESTIMATES

Ccsmic backgrounds may best be determined by actual measurements with our

detector in ~sitioc. At this time wc can only ostlmate various components and

attempt to identify those that arc important.

A_Accldental Comic Cuincidcncc Nate——.— ——.. —..
Wa }Iaveestimated ~inglc countinf riltosonticipoted Witlli!lthe ~r)~rgy

window of (20-60) EeV for c+ and (J1to 9) McV for neutrons, AsGumi~lf!N 27 VU
-1

giItctime, the accidental rate is .011 LA dtiy .

}1“, ~cqr-/lsSOr!i::(wi Rate:)—— ..
Concrete and tuff Micldinq between the beam stop ond our detector is rbout.

‘/m cquiv(llontFe. Chns?qucntly W cstcim:ltcrlc~lii:iblcaccidental cr~incidence

rutes from thu be~m stop.

/?



High-energy neutrons ~Fom the beam stop region may give energy deposition

frcm protan recoil and subsequent capture, givin~ rise to a correlated back-

ground . Such events will be discriminated against with PSD (pulse shape dis-

crimination) technique. l%e resultant rate is expected to be - .001/LA day.

Another beam-associateti rate results from the interactions

v + Pb + Bi + n+ e-. This reaction has a negative Q value of 18.5 NeV and
e

therefore a maximum electron energy of 34.5 tleV. We ~nticipate this rate tu be

- 0.06/LA day for events in the energy range 20-34.5 HeV.

c. Correlated Cosmic Background Rates

There are several possible mechanisms for produ:ing correlated events

[thse that have a two-pulse signature like the on~ corres~nrling to reaction

(I)j. We believe there are three areas of major concern.

1. Hjgh-energy neutrons give energy frcm recoil protons and subsequent—

capture . Attempts to com$ute such rates are in progress. The sand and Pb al~ove

the detectar comprise 2.4 m Fe equivalent and rejection of 500/1 by PSD is as-

sumed . If necessary, additional Fe shielding may be installed. A correlated

rate of .005/LA day haa been estim~ted.

2. Undetected muclls may enter the actector and subsequently decay. Even—

with charged cosmic rejection of 1G6 Supplied by tne two veto counters, - .02/lA

day events may be expected. Only 4% of the decay electrons, however, would aF,-

pear in the (4-9) MeV window,
-1

so our estimated correlated rate is .001 LA day .

3. Direct rei)ct~ons of mllons outside the detector give high-energ)- neutron-—

gamma pairs that rii~ysimulate a neutrino event. We expect that many of these

ev~’nts are associated with other charged rcactian pro,’ Icts, somewhere in t.ht

cascade, which might be detected in our double veto counter. Two layers of Ph

(total 7.6 cm) p~ovide additional st-lielding for these gammas as }ell as for muon

bremsstrahlung. A rate of -- .C15/LA day is estimated but we are

this value.

Ihe total estimnted k)ockground may be tabulated es follows:

Coum. s/LA l~ay
Accidental cosmic colnridcnce

—. .-
.011

Deam-associated nccidcntal coincidence .000
Beam-associated coinclderice .001
cosmic neutron .005
Undetcctod cosmic muotl .001
Muons out,side detector .015.—

uncertpin of

lotill .033/IJl Day

5
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with

SENSITIVITY TO lillUT’RINOOSCILLATION

22[a]2LA day-1. ForThe signal is 1.67 (h ) ‘u1l amplitude oscillation

61n2= 0.1 eV2,
-1

the counting rate is .0167 LA day .

In the absence of a net positive signal, a limit results due to the

background uncertainty, &D, during the beem-on time, where B is the background

rate, .033/LA day, and D is the number of days counting. A limit of 0.1 eV2 m?y

then be set in D days if

+.033 D = .0167 D

D= Iia days .

This limit is based on the estimates referred to and is qualified by our
6

ability to achieve 10 charged cosmic rejection efficiency, pulse shar,e

discrimination rejection efficiency of 500, and casmic correlated background

?ates as low as estimated.

We also have ignored the effect of Ve reactions in Pb, believing that these

can be effectively reduced with an Fe shield located inside the dctecto?,

between the

sensitivity

energy from

events: the

percent.

In the

scintillator and Pb shield. In the absence of such a shield, the

would be based upon sign?ls occurring above the 34.5 MeV maximum e-

these reactions. This eliminates about 15 percent of the signal

time required to achieve a given sensitivity is increased - 15

absence of the Fe skiie?d,the estimated countinR time to achieve s

limit on dmz of 0.1 eV2, thus becomes 136 days. The corresponding time to
2

achieve s sensitivity limit of 0.12 ev is 70 days.

Cbservatlon of reectfcli (4) even~s occur at a rate several times the

estimated background, In the e- energy range of 20 to 34.5 Mev. Such a

recognizable signal mzy be quite welcome if reaction (2) is not observed.
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